This paper explains bilateral trade patterns between Sudan and 16 Arab countries over the period 1990-2009 using augmented gravity model. The estimation results show that the gravity equation fits the data reasonably well. Estimates of population, GDPs of Arab countries and distance elasticities are as expected. The Heckscher-Ohlin theory explains inter-industry, instead of intra-industry, highlighting competitiveness rather than complementarity between Sudan and Arab countries.
Introduction
In an anticipation to drive some gains from the international trade most countries, particularly the developing ones, have introduced economic reforms and joined bilateral and regional trade agreements. The economic reforms that have been launched by Sudan in early 1991 impacted its trade and external sector positively. This is evident as the trade to gross domestic product (GDP) ratio increased from 14 per cent for the pre-reform period (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) Gravity models have achieved empirical success in explaining various types of inter-regional and international trade flows (Cheng 2005) , and gained their popularity from their high explanatory power, data readiness, and availability of established standard practices that facilitate the work of researchers (Ben 2006) . Kepaptsoglou (2010) critically reviewed and analyzed recent empirical studies exploiting the gravity model in trade flows. Over 75 papers in the last decade have either used it for analyzing trade policies and their implications or improved its performance. Nuroglu (2009) extended the original gravity model of bilateral trade with population and volatility of exchange rates, and then used this modified gravity model in a panel data analysis. It shows how income and population of a country, distances between two countries and volatility of exchange rates affect bilateral trade flows among 6 big countries of the Organization of Islamic Countries (OIC0.The empirical literature using gravity models is very abundant. Lawless (2009) used a gravity model approach in order to analyze the geographical patterns of Irish exports. The gravity model in international trade has been demonstrated to be an extremely robust empirical method. The gravity model is first applied to aggregate Irish exports from 1980 to 2007. Distance is found to have a strong negative effect on exports. On the other hand, exports are positively related to sharing a common language and when communications infrastructure is well developed. Derosa's (2007) gravity model is based on bilateral merchandize trade flows and inward shocks of FDI among 170 countries from 1976-2005. The gravity model predicted impacts of Maghreb economic integration on merchandize trade and FDI for Arab Maghreb Union (AMU), countries are expected to materialize over a horizon of two to five years. Chan (2005) showed, via gravity model, that Korea's trade relies on the Heckscher -Ohlin pattern with more inter-industry relative to intra-industry trade. Batra (2004) used an augmented gravity model equation with maximum possible geographical coverage of world trade to estimate global trade potentials for India's trade flows. The variables used included infrastructure endowments, squared differences in per capita incomes, and real exchange rates. Panel data analysis was used to find that fixed effects model is preferred to random effects. Zarzoso (2003) augmented the standard gravity model with a number of variables to test whether they are relevant in explaining the bilateral trade flows between the European Union and Mercosur.
Lewer (2008) developed a gravity model of immigration using panel data for 16 Organization of Economic cooperation and Development (OECD) countries for the period 1991-2000. The model illustrated its usefulness for testing other hypothesized determinants of immigration i.e. population, GDP per capita ratio, distance, number of source country natives, property rights, common trading bloc, common boarders, colonial histories, rule of law, and language. Constantin (2004) emphasized the role of gravity models in various fields of spatial interaction analysis, focusing on market area boarder, commodity flows, and migration. Lueth (2006) estimated a gravity model for remittances using a dataset from 11 countries in Asia and Europe for the period 1980-2004. The estimated gravity model, used to explain trade, FDI flows, and workers' remittances that describe the relationship between workers' host and home country, distance, common border, shared history, or bilateral trade, Additional variables were incorporated into the model such as: dependency ratio and an indicator of natural disasters. The model derived implications about the cyclical properties of remittances and their role in limiting vulnerability to shocks. Breton et al (2007) applied the methodology of gravity models to study relationships between firms and analysts forecasts for earnings of 241 French firms over the period 1997-2007. They proposed a measure of soft information by regressing analysts forecast errors on observable firm-specific, analyst-specific and both firm-and analyst-specific characteristics, and the disturbance effect has been decomposed in order to extract a pair-specific effect.
Data and Methodology

Data
The data have been collected mainly from the Arab Monetary Fund Statistical Bulletin, and are all valued in terms of US dollars. 
Gravity Models
The paper uses the gravity model approach to assess the trade patterns of Sudan with 16 of its main Arab trading partners for the period 1990 -2009. Standard Gravity models utilize the gravitational force concept as an analogy to relate trade flows between countries to the size of their markets and the cost of moving goods between them. Bilateral trade volume (physical gravitational force) increases with the product of economic sizes (gravitational mass) and decreases with geographical distances (gravitational distance) (Chan 2005) . The standard gravity models was augmented with many variables to embody a large number of explanatory variables of which are first traditional gravity effects i.e. joint GDP, joint population, and Distance between two capitals Batra (2004) considered distance as a proxy for transport costs, and an indicator of the time elapsed during shipment, c) synchronization costs: when factories combine multiple inputs, the timing of these needs to be synchronized so as to prevent mergence of bottlenecks, d) distance may be correlated with the costs of searching for trading opportunities an-d the establishment of trust between potential trading partners, e) cultural distance: It is possible that greater geographical distance is correlated with 160 larger cultural differences. Cultural differences can impede trade in many ways such as inhibiting communication, clashes in negotiating styles etc. Second joint GDP per capita, land area, FDI shocks, infrastructure (stock of public capital and length of motorway network), real exchange rate, foreign currency reserves, binary variables that are unity if i and j have the same: language, common border, landlocked, Island, common colonizer, currency, current colony, ever a colony, common country, and generalized system of preferences (GSP), Zarzoso (2003) suggests that high level of GDP in exporting country indicates high production which increase the availability of goods for export, while high level of income in importing country suggests higher levels of import. Population variables may have positive or negative coefficient depending on the absorption or economies of scale effects. and distance, which provides a broad proxy for the transportation and other costs involved in exporting to country j. Nuroglu, (2009) showed that the higher the population of exporting country the higher the production and exports as a result since it may increase the amount of labor force, and the level of specialization, the higher population of the importing country is expected to decrease income per capita which may lower the need for imports and also the level of exports. Per capita GDP serves as a proxy for income level and/or purchasing power of the exporting and importing countries. The Newton's Law-based Normal Trade is specified first in non-linear form as follows:
Normal trade is specified first in gravity non-linear form as follows:
1 where indicates the GDP of exporter (importer), population of exporter (importer), distance between the two countries, represents any other factors aiding or preventing trade between pairs of countries, and is the error term captures any other shocks and chance events that may affect bilateral trade between the two countries. Taking logarithms of both sides of model (1) we obtain log-log linear equation: 2 where, small letters denote the natural logarithm of the variables. Model (1) can be augmented by real exchange rate , infrastructure , , and FDI , in equation (3):
Chan-Hyun (2005) added trade conformity index (TCI) to the gravity equation to identify trade patterns whether based on Heckscher-Ohlin trade model or differentiated product increasing returns model. TCI measures the degree of complementarities between two countries. Calculated as follows:
where:
= share of commodity k in exports of country i = share of commodity k in imports of country j i and j = 1,2,…,N (i refers to the reporter country and j refers to the partner country) k = 1,2,…,n (refers to a commodity group) TCI values ranges from 0 (perfectly competitive trade structure) to 1 (perfectly complementary trade structure).
The estimation of gravity models encounters two problems, i.e. heteroscedasticity and zero trade flows. With the existence of heteroscedastic errors log linear model cannot be expected to provide unbiased estimates of mean effects, the second concern arises from the existence of zero values of the dependent variables that are unidentified when converted into logarithms for estimation. (2005) showed that the bias problem will be eliminated if the estimation is carried out in two-way fixed effects model in which country-pair and period dummies are used to reflect the bilateral relationship between trading partners. Westerlund et al, (Feb 2006) , proposed estimating the gravity model directly from its non-linear form by using the fixed effects Poisson maximum likelihood (ML) estimator. Since this removes the need to linearize the model by taking logarithms, the problem with zero trade disappears. Martin et al (2008) estimated the gravity model allowing for heteroscedasticity and zero bilateral trade flows, and they proposed the Poisson Pseudo Maximum Likelihood (PPML) as an alternative estimator. Letouse (2009) presented empirical estimates of a gravity model of bilateral migration that properly accounts for non-linearity and tackles causality issues through an instrumental variables approach.
Common Coefficients
Explanatory variables are to have the same coefficient across all cross-section members of the pool. A single coefficient will be included for each variable, and will label the output using the ordinary or pool name, as appropriate. There is an option of using cross section weights via generalized least squares (GLS) i.e. using estimated cross-section residual variances.
Fixed Effects Model
The fixed effects model ( 
Random Effects Model
The random effects model (REM) treat effects as random absorbed into the error term so it specifies a particularly simple form of the residual covariance structure, namely∈ withE[ ]= α if i = j and is 0 otherwise.
Other than the only covariance is between and µ jt which is σ (Jurajda 2003). This procedure is consistent, provided that the number of missing observations is asymptotically negligible (Pindyck 1976).REM would be more appropriate when estimating typical trade flows between randomly drawn samples of trading partners from a larger population
Preferred Model
To choose between the GLS and FEM specification we used the J-test proposed by Davidson and MacKinnon (1993) . If one model is the correct model, then the fitted values from the other model should not have explanatory power when estimating that model. Annex (8) shows that the J-test failed to reject both models i.e. GLS and FEX, meaning that the data do not provide enough information to discriminate between the two models.
Empirical Results
Model Results
Annex (1) shows the main results of the standard gravity model, where T1, P1, and, Y1 are natural logarithms of total foreign trade, population, and GDP of the exporter country. And T2, P2, Y2, and TCI2 are natural logarithms of total foreign trade, population, GDP, and Trade Complementarily Index of the importer country. While D1 is the distance between 16 capitals of Arab countries and the capital of Sudan, The signs of all the estimated coefficients are compatible with a priori theoretical explanations except the sign of GDP of the Sudan.Judging by the overall statistical and econometric diagnostic tests i.e. t statistic, F statistic, R squared, Adjusted R squared, and, Durbin Watson, the estimated coefficients are statistically difrrent from zero, and no presence of serial correlation. The results suggest that a high level of GDP of Sudan does not increase the foreign trade, while high levels of income in Arab countries suggest higher levels of bilateral trade with Sudan. Results show that an increase in the importer's GDP causes an increase in imports from Sudan. The sign of the Sudan's population is positive indicating more production and hence more bilateral trade, while it is negative for the importing countries reflecting the lack of absorption or economies of scale effects. Larger countries have a greater capacity to absorb imports than do their smaller counterparts. The coefficient of the distance variable has the expected negative sign and is highly significant. All other variables that augment the gravity model have an insignificant coefficient, implying that they do not have an impact on bilateral trade with Sudan. The model previously suffers from autocorrelation, correcting for autocorrelation by Cochran-Orcutt procedure removed the autocorrelation and increased the explanatory power of the model to reach .98 percent instead of 77 percent for the weighted statistics, and from 28 per cent to 59 per cent for unweighted statistics. However, the FEM in Annex (4) gave poor results; none of the standard gravity model variables is significant. The REM is near singular and cannot be estimated because its determinant is zero and cannot be inverted. Concerning the two problems i.e. heteroscedasticity and zero trade flows, the first was catered for by applying White Heteroscedasticity Consistent Covariance, the other problem was not encountered.
Discussion
The coefficient of Sudan income is negative, therefore not compatible with a priori theoretical explanations, this is caused mainly by one of four possibilities i.e. trade -barriers, home-market effect, lower level of inter-industry trade, or government policies. Despite persistent efforts by the government to liberalize trade. The Index of Economic Freedom in Sudan indicated that trade with Sudan was subject to a high weighted average tariff rate of 11.4 percent in 2008. Import restrictions, discriminatory taxes, delays in customs clearance and non-transparent regulations are some of the factors impeding Sudanese trade The possibility of significant 'home-market' effect is refuted by the fact that the Sudan GDP is totally dependent on the GDP's of partner countries j, which implies either no effect or neutral effect of the home-market effects (Davis and Weinstein, 2003) . The third possibility is confirmed by *TCI) which is close to zero for all Arab countries implying closer perfectly competitive trade structure through intra-industry trade. Sudan and other Arab economies depend to a greater extent on outside world which means that their degrees of openness are high therefore are exposed to external shocks. Their total foreign trade is increasing as a ratio to GDP. The most obvious features of Arab foreign trade is its dependence on primary goods i.e. oil, gas and agricultural products, the price of which are volatile causing difficulties for Arab countries to finance their imports (Kimbish. 2003) . Traditionally, most of Sudan's exports to Arab countries are in the form of live and slaughtered animals, cotton, gum Arabic, and groundnuts. There are many problems associated with this; first there is a risk of rejecting the exported live animals, either for health or political reasons. Secondly, most export products come from the traditional sector which is subject to weather hazards, using obsolete production techniques, depending on imported inputs, and subject to price volatility. Thirdly, these exports are constrained by transpiration and storage facilities, in addition to the heavy taxes and customs charged on them. The recent exploration and exportation of oil which is supposed to support these exports have led to a surge in import of luxury goods at the expense of investment (capital) goods. There is a need to diversify the traditional agricultural exports and encourage trade through the slashing of all types of trade barriers.
Conclusion
The aim of this investigation was to estimate a gravity equation to explain patterns of Sudanese bilateral trade with Arab countries. Results of the model indicated that all the variables included in the gravity equation revealed the expected signs, except for the GDP of Sudan. The estimated coefficients yielded in most cases, the expected signs and magnitudes. The coefficient for the exporter population variable is negatively signed which shows an absorption effect, the greater the size of the exporter, the lower the exports. However, the estimated coefficient corresponding to the importer population is negatively signed (the sign is positive which points towards the growing importance of the role played by scale economies and market-size effects in international trade models. Concerning geographic distance, its coefficient presents a negative sign. The TCI showed that Sudan and its Arab trade partners have competitive trade structure through intra-industry trade. This calls for Sudan for more economic reforms in order to promote trade with Arab countries and other partners. 
